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I N T R O D U C T I O N  

A s  a r e s u l t  o f  t he  Apollo f i r e  o f  J a n u a r y ,  1967 ,  ex- 
t e n s i v e  t e s t i n g  has been done on t h e  f l a m m a b i l i t y  p r o p e r t i e s  of  
n o n m e t a l l i c  components o f  the  s p a c e c r a f t .  A c o n s i d e r a b l e  pro-  
p o r t i o n  of t h e s e  m a t e r i a l s  a r e  o r g a n i c  polymers .  I n  a d d i t i o n  t o  
c o l l e c t i n g  data, t h e r e  has been a concern w i t h  a t h e o r e t i c a l  
approach  and e x p l a n a t i o n .  T h i s  memorandum p r e s e n t s  some b a s i c  
d e f i n i t i o n s  conce rn ing  polymers and a l s o  g i v e s  a q u a l i t a t i v e  
d e s c r i p t i o n  of t h e  p r o c e s s e s  invo lved  i n  combust ion.  L a t e r  p a p e r s  
w i l l  d e a l  w i t h  e x p e r i m e n t a l  r e s u l t s  and a more q u a n t i t a t i v e  
p i c t u r e  of  combustion and w i l l  assume a f a m i l i a r i t y  w i t h  t h e  
m a t e r i a l  p r e s e n t e d  h e r e .  It is  hoped t h a t  t h i s  i n f o r m a t i o n  w i l l  
be  h e l p f u l  i n  i n t e r p r e t i n g  t h e  d a t a .  

GENERAL BACKGROUND 

1. Polymers 

A polymer molecule  i s  a l a r g e  molecule  composed o f  
s m a l l e r  p r i m a r y  u n i t s  which a r e  chemica l ly  bound t o g e t h e r .  T h e s e  
small ,  p r i m a r y  u n i t s  m e  c ~ i r i r n ~ ~ i j i  kriown as monomers; t h e  number 
o f  inonomer u n i t s  i n  t h e  polymer i s  c a l l e d  t h e  deg ree  o f  po lymer i -  
z a t i o n .  The degree  o f  p o l y m e r i z a t i o n  can be of  t h e  o r d e r  o f  
hundreds o r  t housands .  A t y p i c a l  polymer molecule  w i l l  c o n s i s t  
of a long ,  c h a i n - l i k e  s t r u c t u r e  having  c o n s i d e r a b l e  freedom of 
mot ion .  

Some of t h e  common polymers a r e  l i s t e d  below: 

NAME P 0 LY M ER. REP EAT I ?? G U N IT 

P o l y s t y r e n e  -ECH2-CH3n 
? 

Polye thy lene  

P o l y t e t r a f l u o r o - e t h y l e n e  
( TEFLON ) 
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NAME POLYMER REPEATING U N I T  

0 
I1 

P o l y e s t e r s  E (CH2 )n-C-03n 

Polyamides 
(Nylon)  

P o l y u r e t h a n e s  

0 
11 

[ O - ( C H 2 ) n - O - C - N - ( C H  ) -N-C] n 
H 2 n H  

The polymers  l i s t e d  here  a re  examples of  homopolymers, 
i . e . ,  t h e  r e p e a t i n g  u n i t s  c o n s i s t  o f  o n l y  one monomer. It i s  
a l s o  p o s s i b l e  to s y n t h e s i z e  polymers which c o n t a i n  more t h a n  one 
monomer; t hese  a re  c a l l e d  copolymers .  F u r t h e r ,  t h e  above po ly -  
mers a l l  c o n t a i n  a predominant ly  carbon backbone and a re  t h e r e -  
f o r e  u s u a l l y  r e f e r r e d  to as o r g a n i c  polymers .  Those which have 
a non-carbon backbone are sometimes ca l l ed  i n o r g a n i c  polymers .  

Polymers a re  u s u a l l y  c h a r a c t e r i z e d  as e i t h e r  conden- 
s a t i o n  o r  a d d i t i o n  polymers .  T h i s  nomencla ture  a r i ses  from t h e  
t y p e  o f  r e a c t i o n  i n v o l v e d  i n  t h e  p o l y m e r i z a t i o n .  A c o n d e n s a t i o n  
polymer,  e . g . ,  ny lon ,  a r i s e s  when two monomer u n i t s  r e a c t  y i e l d -  
i n g  a l a r g e r  molecule  and a small, n o n - r e a c t i v e  molecule  ( e . g . ,  
wa te r ) .  These polymers  u s u a l l y  have m o l e c u l a r  we igh t s  o f  t h e  

o r d e r  of 1 0  . Addi t ion  polymers  a r i s e  from t h e  combina t ion  o f  
monomers c o n t a i n i n g  doub le  bonds,  e . g . ,  e t h y l e n e  ( H 2 C  = C H 2 )  +. 

p o l y e t h y l e n e .  Po lymer i za t ion  ( p r o b a b l y )  o c c u r s  v i a  a c h a i n  
mechanism and t h e  molecu la r  weights  a re  of t h e  o r d e r  of 
1 0  . It i s  f e l t  by some t h a t  t h e  p o l y m e r i z a t i o n  mechanism i s  
ve ry  c l o s e l y  re la ted  to t h e  t y p e s  o f  r e a c t i o n s  t h e  polymer w i l l  
undergo.  ( A  mechanism i s  a d e s c r i p t i o n  o f  what i s  o c c u r r i n g  on 
t h e  m o l e c u l a r  l e v e l ;  t h a t  i s ,  t h e  t r a n s f e r  o f  atoms and changes 
i n  chemica l  bonding i n v o l v e d  i n  a r e a c t i o n .  A c h a i n  mechanism 
i n d i c a t e s  a p r o c e s s  i n  which t h e  p r o d u c t s  formed h e l p  promote 
t h e  r e a c t i o n .  ) 

4 

6 

The above d i s c u s s i o n  has i m p l i e d  a l i n e a r  a d d i t i o n  o f  
monomer u n i t s .  However, many polymers  a re  known to undergo some 
b ranch ing  ( n o n - l i n e a r  a d d i t i o n )  d u r i n g  t h e  p o l y m e r i z a t i o n  r e a c t i o n .  
T h i s  b ranch ing  can r e s u l t  i n  what i s  commonly termed c r o s s - l i n k e d  
polymers .  It w i l l  be  shown l a t e r  t h a t  many p h y s i c a l  and chemica l  
p r o p e r t i e s  o f  polymers  depend to a l a r g e  e x t e n t  on t h e  d e g r e e  o f  
c r o s s - l i n k i n g .  Fur thermore ,  it i s  f e l t  t h a t  a knowledge and 
u n d e r s t a n d i n g  of t h e  molecu la r  s t r u c t u r e  i s  n e c e s s a r y  i n  e x p l a i n -  
i n g  how a l l  polymers  behave. 
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The c o n d i t i o n s  under  which t h e  polymers  are  prepared 
can  govern  p r o p e r t i e s  o t h e r  t h a n  c r o s s - l i n k i n g .  They  can  lead  t o  
c e r t a i n  r e g u l a r i t i e s  o r  i r r egu la r i t i e s  i n  t h e  c h a i n .  The re  are  
t h r e e  t y p e s  o f  polymers  c a t e g o r i z e d  a c c o r d i n g  t o  monomer p a t t e r n s :  

1. 

2. 

3. 

I s o t a c t i c :  s t e r e o c h e m i c a l  r e g u l a r i t y  of s t r u c t u r e  
i n  t h e  r e p e a t i n g  u n i t s .  

X A X A X A  
1 1 1 1 1 1  

#-c-c-c-c-c+ 
1 1 1 1 1 1  

x x x x x x  
S y n d i o t a c t i c :  r e g u l a r  a l t e r n a t i o n  o f  d i f f e r e n c e s  
i n  s t e r e o c h e m i c a l  s t r u c t u r e  i n  r e p e a t i n g  u n i t s .  

X A X X X A  
1 1 1 1 1 1  

fc-c-c-c-c-cg 
1 1 1 1 1 1  

X X X A X X  

A t a c t i c :  no r e g u l a r i t i e s  t o  t h e  a l t e r n a t i o n s .  

A X A X X X  
1 1 1 1 1 1  

f c-c-c-c-c-c 3 
1 1 1 1 1 1  

X X X X A X  

Because o f  t h e i r  l a rge  s i z e  w e  e x p e c t  t h e s e  h i g h  
m o l e c u l a r  weight  polymers  t o  e x h i b i t  un ique  p r o p e r t i e s .  S i n c e  
o u r  major  concern  i s  t h e  f l a m m a b i l i t y  we s h a l l  l i m i t  t h e  d i s -  
c u s s i o n  t o  thermal  s t a b i l i t y ,  p y r o l y s i s ,  and combust ion p r o p e r -  
t i e s .  

2 .  Combustion 

Tne combustion phenomenon has been  or I n t e r e s t  t o  
s c i e n t i s t s  f o r  o v e r  t h r e e  hundred years ;  p u b l i c a t i o n s  on c o a l  
combust ion da te  back t o  1667.  
t o  t h e  problem no one has y e t  been ab le  t o  deve lop  a g e n e r a l ,  
u n i f i e d  t h e o r y  which i s  a c c e p t a b l e  t o  t h e  m a j o r i t y  o f  t h e  
s c i e n t i f i c  and e n g i n e e r i n g  community. A r ev iew o f  even t h e  most 
s i m p l e  combustion s y s t e m s ,  e . g . ,  H and  0 2 ,  r e v e a l s  many v o i d s  i n  
u n d e r s t a n d i n g  a r i s i n g  from v a r i o u s  i n h e r e n t  c o m p l e x i t i e s .  
awareness  of  t h i s  s i t u a t i o n  i s  h e l p f u l  on ly  i n  t h a t  i t  leads t o  
t h e  r e a l i z a t i o n  t h a t  one cannot  hope t o  f i n d  s i m p l e  answers  t o  
such  q u e s t i o n s .  
o f  flame p r o p a g a t i o n .  

D e s p i t e  t h e  yea r s  o f  work devo ted  

2 
An 

T h i s  idea should a l s o  b e  ex tended  t o  t h e  problem 
S i n c e  t h e  a c t u a l  combust ion i s  a n  i m p o r t a n t  
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f a c e t  o f  t h e  t o t a l  p r o p a g a t i o n  p i c t u r e  i t  can  be s e e n  t h a t  a 
tho rough  u n d e r s t a n d i n g  o f  flame p r o p a g a t i o n  can  o n l y  be a c h i e v e d  
a f t e r  t h e  combust ion mechanism i t s e l f  i s  w e l l - c h a r a c t e r i z e d .  

A q u a l i t a t i v e  scheme o f  polymer combust ion i s  shown 
below. 

Polymer 

Combustible O x i d i z e r  Flame 
__f 

g a s e s  Heat ) I 
Noncombustible 

g a s e s  

Carbonaceous (sometimes 
c h a r  flammable) 

T h i s  s imp le  pa thway  i s  g e n e r a l l y  a c c e p t e d .  However, 
e a c h  o f  t h e  s teps  i n d i c a t e d  i n v o l v e s  a v e r y  complex ser ies  o f  
r e a c t i o n s  and on ly  t h e  chemical  a s p e c t s  o f  t h e  problem have been 
i n d i c a t e d .  Besides unde r s t and ing  t h e  r e a c t i o n  k i n e t i c s  ( i . e . ,  
r a t e s  o f  t h e  d i f f e r e n t  chemical  r e a c t i o n s  i n v o l v e d )  w e  must a l s o  
i n c l u d e  t r a n s p o r t  phenomena and c o n s e r v a t i o n  laws. T h i s  i n v o l v e s  
b ranch ing  o u t  from chemis t ry  i n t o  f l u i d  dynamics thermodynamics,  
mass t r a n s p o r t ,  and energy exchange. 

By i n d i v i d u a l l y  examining each  of  t h e  s teps  i n  t h e  
scheme f o r  polymer combustion w e  can g a i n  i n s i g h t  i n t o  t h e  e n t i r e  
problem and w e  s h a l l  even be ab le  t o  see t h a t  i t  i s  p o s s i b l e  t o  
b u i l d  c e r t a i n  d e s i r e d  p r o p e r t i e s  i n t o  polymer molecu le s .  T h i s  
a b i l i t y  has been ach ieved  b y  s low,  s t e p x i s e  a n a l y s i s .  

F i r s t ,  l e t  u s  examine what happens t o  t h e  polymer when 
i t  i s  heated ( p y r o l y s i s ) .  P o l y m e r s  are obse rved  t o  degrade  when 
t h e y  are  heated; some b r e a k  down i n t o  t h e  o r i g i n a l  monomer u n i t s  
and o t h e r s  g i v e  a l a r g e  number o f  d i f f e r e n t  p y r o l y s i s  p r o d u c t s .  
The f a c t o r s  which govern  t h e  mode o f  d e g r a d a t i o n  a re  t h e  tempera- 
t u r e  and t h e  atmosphere;  bu t  t h e  o v e r r i d i n g  f a c t o r  seems t o  be  
t h e  n a t u r e  of t h e  i n d i v i d u a l  polymer.  O f  a l l  t h e  s t e p s  i n v o l v e d  
i n  combust ion,  p y m l y s i s  is probab ly  t h e  most w e l l  c h a r a c t e r i z e d .  
P y r o l y s i s  s t u d i e s  have l e d  t o  a n  u n d e r s t a n d i n g  o f  d e g r a d a t i o n  oi? 
a m o l e c u l a r  l e v e l .  F o l l o w i n g , a r e  a f e w  o b s e r v a t i o n s  o f  p y r o l y t i c  
b e h a v i o r  and some c o n c l u s i o n s  which can  be made. 

Obse rva t ions  

1. For  a g i v e n  polymer,  t h e  p y r o l y s i s  p r o d u c t s  va ry  
w i t h  changes i n  atmosphere and t e m p e r a t u r e .  

2 .  Most carbon c o n t a i n i n g  c h a i n s  a r e  n o t  s t a b l e  above 
~ 3 0 0 - 4 0 0 ~ C  (570-75OOF). 
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3. Above 5 O O O C  (932OF) w e  must c o n s i d e r  t h e  c r a c k i n g  o f  
l a rge  c h a i n s .  

4 .  When oxygen i s  p r e s e n t  i n  t h e  c h a i n  t h e  thermal  
s t a b i l i t y  i s  u s u a l l y  lowered.  

5 .  T e r t i a r y  and q u a t e r n a r y  carbons  i n  t h e  c h a i n  i n t r o -  
duce an  element  o f  weakness.  ( A  t e r t i a r y  ca rbon  atom 
i s  one which i s  bonded t o  t h r e e  o t h e r  ca rbons ;  a 
q u a t e r n a r y  carbon i s  bonded t o  f o u r  o t h e r  c a r b o n s . )  

High m o l e c u l a r  weight  f a v o r s  t h e r m a l  s t a b i l i t y .  6 .  

7 .  C r o s s - l i n k i n g  adds t o  t h e r m a l  s t a b i l i t y .  

8 .  A double  bond i s  a n  element  o f  s t a b i l i t y  i n  t h e  c h a i n .  

9 .  F>H>CH > C 1 ,  a re  observed  o r d e r s  o f  s t a b i l i t y  when 3 
these  d i f f e r e n t  m o i e t i e s  a r e  a t t a c h e d  t o  t h e  c h a i n .  

1 0 .  I n t r o d u c t i o n  o f  a romat i c  groups  i n t o  t h e  c h a i n  enhances  
t h e  s t a b i l i t y .  (Aromat i c i ty  r e f e r s  t o  chemica l  b e h a v i o r  
similar t o  t h a t  o f  benzene and i t s  d e r i v a t i v e s . )  

Conclus ions  

1. P y r o l y s i s  p r o d u c t s  s e r v e  as a c l u e  t o  t h e  mechanism 
o f  t h e  thermal d e g r a d a t i o n .  

2 .  There i s  more t h a n  one mechanism f o r  therinal deconl- 
p o s i t  i o n .  

3. When a n  oxygen atom r e p l a c e s  ca rbon  i n  t h e  c h a i n  a 
lower ing  o f  s t a b i l i t y  w i l l  o c c u r  because  t h e  C - 0  
bond i s  weaker t h a n  t h e  C-C bond. 

4 .  The p r e s e n c e  o f  t e r t i a r y  or q u a t e r n a r y  ca rbon  atoms 
i n  t h e  c h a i n  i s  no t  a e s l r a b l e .  ( P o l y s t y r e n e  kCH2-CH23n  

? 

‘gH5 
p o s s e s s e s  a t e r t i a r y  carbon,  and t h e r e f o r e  i s  n o t  espe- 
c i a l l y  heat r e s i s t a n t . )  

5. R e l a t i v e  s t a b i l i t i e s  can  be p r e d i c t e d  on t h e  basis of 
d i f f e r e n t  m o i e t i e s  a t t a c h e d  t o  t h e  c h a i n  and  t h e i r  de- 
compos i t ion  mechanisms. Fo r  example,  a n  abundance of  
hydrogen w i l l  r e s u l t  i n  i n t r a m o l e c u l a r  t r a n s f e r  of 
atoms; b u t  when hydrogen i s  r e p l a c e d  by bulky  a l k y l  
g roups  t h e  hydrogen t r a n s f e r  w i l l  be  r e s t r i c t e d .  
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. 
6 .  The p r e s e n c e  of a r o m a t i c  g roups  i n  t h e  c h a i n  i s  

d e s i r a b l e .  (Kapton,  an e s p e c i a l l y  s t a b l e  f i l m ,  i s  
s y n t h e s i z e d  by  a po lycondensa t ion  r e a c t i o n  between 
an  a r o m a t i c  ac id  and an a r o m a t i c  amine . )  

Even a t  t h i s  e a r l y  stage i n  t h e  d i s c u s s i o n  i t  can  b e  
s e e n  t h a t  by  a n a l y z i n g  i n f o r m a t i o n  d e r i v e d  from p y r o l y s i s  s t u d i e s  
i t  i s  p o s s i b l e  t o  d e s i g n  polymers  which w i l l  n o t  be h i g h l y  
flammable. It i s  p o s s i b l e  t o  des ign  polymers  which f a v o r  forma- 
t i o n  of an i n e r t  c h a r  and noncombust ible  gases,  a l o n g  w i t h  a v e r y  
small volume of combus t ib l e  gases. It i s  a l s o  p o s s i b l e  t o  d e s i g n  
a s y s t e m  which w i l l  decompose endo the rma l ly  r a t h e r  t h a n  e x o t h e r -  
m a l l y .  Also,  f i l l e r s  which promote these  d e s i r a b l e  p r o p e r t i e s  
may b e  added. Many of these s u g g e s t i o n s  have been implemented 
and t h e r m a l l y  r e s i s t a n t  Kapton and Nomex-nylon a re  two o f  t h e  
r e s u l t i n g  p r o d u c t s .  However, many d e s i r a b l e  p r o p e r t i e s  o f  t h e  
polymers  can be d e s t r o y e d  i n  t h e  p r o c e s s  o f  r e n d e r i n g  them non- 
flammable and q u i t e  o f t e n  t o x i c  decomposi t ion  p r o d u c t s  r e s u l t .  
It shou ld  a l s o  be n o t e d  t h a t  many of  t hese  t h e r m a l l y  s t a b l e  po ly -  
mers were des igned  f o r  u s e  i n  an  a i r  a tmosphere  and  i n  some 
i n s t a n c e s  behave q u i t e  d i f f e r e n t l y  i n  an  oxygen r i c h  a tmosphere .  
It w i l l  be p o i n t e d  ou t  b e l o w ,  however, t h a t  o u r  u n d e r s t a n d i n g  o f  
p y r o l y s i s  i s  f a r  from complete .  

U n f o r t u n a t e l y ,  t h e  u n d e r s t a n d i n g  o f  combust ion and 
flame p r o p a g a t i o n  i s  even less e x t e n s i v e  t h a n  t h a t  o f  p y r o l y s i s .  
There  are many e x p l a n a t i o n s ,  some of which are  d i a m e t r i c a l l y  
opposed t o  one a n o t h e r .  I n  o r d e r  t o  i l l u s t r a t e  t h i s ,  some models 
of combustion and f lame p r o p a g a t i o n  w i l l  be d i s c u s s e d  and  com- 
pared.  

We s h a l l  c o n t i n u e  t o  work w i t h i n  t h e  framework o f  t h e  
polymer combustion scheme p r e v i o u s l y  d e s c r i b e d .  T h i s  scheme 
embodies F a r a d a y ' s  o r i g i n a l  f o r m u l a t i o n  o f  t h e  d i s t i l l a t i o n  (or 
v o l a t i l e s )  t h e o r y  o f  i g n i t i o n .  T h i s  t h e o r y  i s  s u p p o r t e d  by 
p h o t o g r a p h i c  expe r imen t s  which have demons t r a t ed  t h a t  i g n i t i o n  
s ta r t s  i n  t h e  v o l a t i l e s ,  i . e . ,  i g n i t i o n  was obse rved  a t  a p o i n t  
above t h e  s u r f a c e  o f  t h e  s o l i d .  T h i s  model r a i se s  some i n t e r -  
e s t i n g  questions. Are v o l a t i l e s  i n  t h e  i n t e r i o r  formed w i t h  as 
much ease as v o l a t i l e s  a t  t h e  p e r i p h e r y  o f  t h e  a c t i v e  area? If 
t h e y  a re ,  how can t h e y  e scape  from t h e  c e n t e r  u n l e s s  and u n t i l  
t h e  mater ia l  forms many major c r a c k s  f o r  them to escape  b y ?  (I t  
i s  s u g g e s t e d  t h a t  i n v e s t i g a t o r s  examine t h e  s o l i d  r e s i d u e  a f t e r  
combustion and l o o k  f o r  any v o l a t i l e s '  escape c h a n n e l s . )  

It shou ld  a l s o  b e  p o i n t e d  o u t  t h a t  some work has i n d i -  
c a t e d  t ha t  i n  fas t  e x p l o s i o n  flames t h e r e  was p r o b a b l y  n o t  t i m e  
f o r  v o l a t i l e s  to be g e n e r a t e d .  It i s  p o s t u l a t e d  t h a t  unde r  t hese  
c o n d i t i o n s  of v e r y  r a p i d  h e a t i n g  where v o l a t i l i z a t i o n  cannot  
o c c u r  t h e  material must burn as s o l i d  p a r t i c l e s  w i t h o u t  decompos- 
i n g .  (These two d e s c r i p t i o n s  of p y r o l y t i c  b e h a v i o r  can  on ly  
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lead t o  t h e  c o n c l u s i o n  t h a t  t h e  de t a i l ed  p y r o l y t i c  b e h a v i o r  o f  
b u r n i n g  s o l i d s  i s  s t i l l  somewhat o b s c u r e .  Fur thermore ,  an  i n -  
t e r e s t i n g  q u e s t i o n  i s  ra i sed :  
polymers  when t h e y  a re  s u b j e c t e d  t o  a v e r y  r a p i d  t e m p e r a t u r e  i n -  
c r e a s e ?  Is  the re  a d i f f e r e n c e  i n  combust ion mechanisms which 
a l l o w s  polymers  which would be flame r e s i s t a n t  or s e l f - e x t i n g u i s h -  
i n g  t o  become combus t ib l e?  
p o s s i b i l i t y  c o u l d  h e l p  e x p l a i n  t h e  h ighe r  t h a n  expec ted  bu rn ing  
r a t e s  observed  for Nomex and Tef lon  i n  p u r e  O2 a t  1 atmosphere ,  
s i n c e  t h i s  a tmosphere would p r o b a b l y  r e s u l t  i n  h i g h  flame tempera- 
t u r e s  and ve ry  r a p i d  h e a t i n g . )  

What happens t o  " t h e r m a l l y  s t ab le"  

Perhaps a c o n s i d e r a t i o n  o f  t h i s  

Below i s  a s i m p l i f i e d  s chemat i c  r e p r e s e n t a t i o n  o f  t h e  
heat t r a n s f e r  i n  o u r  combustion model; i t  shou ld  be  o f  h e l p  i n  
t h e  d i s c u s s i o n  which f o l l o w s :  

heat  
1 

>e- 
,/ 

I 
J 

I 
FLAMMABLE 
PYROLYSIS 

I 
PYROLYSIS PRODUCTS 

(gases and t h e  s o l i d  may 
PRODUCTS I ( g a s e s  and s o l i d ,  

s o l i d )  i g n i t e  a t  h ighe r  i t e m p e r a t u r e s . )  

I h e a t  
I 
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From t h i s  r e p r e s e n t a t i o n  w e  can  see t h a t  heat i s  
evo lved  i n  t h e  combust ion p r o c e s s ,  t h i s  heat i s  t h e n  channe led  
back i n t o  t h e  e n t i r e  S y s t e m ;  some i s  used i n  i n i t i a t i n g  f u r t h e r  
combust ion ,  and the  r ema inde r  i s  absorbed  by t h e  i n e r t  matter 
which i s  e i t h e r  i n i t i a l l y  p r e s e n t  or has been  produced by t h e  
combust ion.  T h e r e f o r e ,  i n  a d d i t i o n  t o  t h e  chemica l  r e a c t i o n s  
w e  much c o n s i d e r  t h e  manner i n  which heat i s  abso rbed  through-  
o u t  t h e  s y s t e m .  For example,  i f  w e  c o n s i d e r  a polymer which 
decomposes p r i m a r i l y  i n t o  combust ib le  gases i n  a n  oxygen-r ich 
atmosphere t h e r e  w i l l  be a r e l a t i v e l y  small c o n c e n t r a t i o n  o f  
i n e r t  matter and most of t h e  heat g e n e r a t e d  w i l l  be used  to 
f u r t h e r  t h e  combustion of t h e  r e a c t a n t s .  On t h e  o t h e r  hand,  i f  
t h e  p y r o l y s i s  p r o d u c t s  c o n s i s t  o f  a c o n s i d e r a b l e  amount o f  i n e r t  
material  and t h e  atmosphere c o n t a i n s  a la rge  amount o f  i n e r t  
matter,  t h i s  i n e r t  matter may a c t  as a n  e f f e c t i v e  heat s i n k  and 
on ly  a small amount of t h e  g e n e r a t e d  heat w i l l  be  d i r e c t e d  i n t o  
t h e  r e a c t a n t s .  T h i s  s i t u a t i o n  would r e s u l t  i n  e i t h e r  slow 
combustion or a s e l f - e x t i n g u i s h i n g  s y s t e m .  

There e x i s t s  some q u e s t i o n  as t o  what t h e  c o n t r o l l i n g  
f a c t o r s  i n  combustion a r e .  Some workers  f e e l  t h a t  t h e  exothermic  
chemica l  r e a c t i o n s  a re  of  p r i m a r y  impor t ance ;  i . e . ,  t h e  c r i t i c a l  
f a c t o r  i s  t h e  r a t e  o f  heat re lease and a b s o r p t i o n .  T h i s  
approach  i s  sometimes c a l l e d  t h e  chemica l  or k i n e t i c  approach  t o  
combust ion.  It proposes  t h a t  t h e  p r i n c i p a l  e v e n t s  take p l a c e  i n  
t h e  g a s  phase  and t h a t  t h e  flame p r o p a g a t i o n  r a t e  i s  s e n s i t i v e  
t o  v a r i a t i o n s  i n  oxygen c o n t e n t  and t o t a l  p r e s s u r e  l e v e l .  

An oppos ing  view assumes t h a t  t h e  combustion r a t e  i s  
p r i m a r i l y  c o n t r o l l e d  by t h e  r a t e  o f  rnass t r a n s f e r  o f  t h e  r e a c t a n t s  
t o  t h e  flame, ra ther  t h a n  by chemica l  k i n e t i c s .  (However, i t  i s  
conceded t h a t  r e a c t i o n  k i n e t i c s  become i m p o r t a n t  when t h e  volume 
r e q u i r e d  f o r  combustion becomes a s i g n i f i c a n t  f r a c t i o n  o f  t h e  
a v a i l a b l e  volume.) 

Although bo th  approaches  stress d i f f e r e n t  r a t e  c o n t r o l -  
l i n g  mechanisms t h e y  b o t h  a g r e e  t h a t  t h e  t r u e  p i c t u r e  i s  p r o b a b l y  
somcwhere between t h e  two and tha t  ex t remes  o f  c o n d i t i o n s  may 
f a v o r  one mechanism o v e r  t h e  o t k i e ~ .  B Q t h  o f  t h e s e  approaches  
w i l l  be  employed i n  a f u t u r e  p a p e r  which w i l l  a t t e m p t  t o  a n a l y z e  
some o f  t h e  e x i s t i n g  combustion and flame p r o p a g a t i o n  data. It 
i s  hoped tha t  it w i l l  b e  p o s s i b l e  t o  a t t e m p t  t o  r a t i o n a l l y  
d e s c r i b e  t h e  flame p r o p a g a t i o n  i n  terms of d i s t a n c e  parameters, 
t e m p e r a t u r e ,  c o n c e n t r a t i o n s ,  r e a c t i o n  k i n e t i c s ,  d i f f u s i o n ,  con- 
v e c t i o n ,  and r a t e s  of heat r e l e a s e .  
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Some b a s i c  d e f i n i t i o n s  and d e s c r i p t i o n s  01- polymer 
b e h a v i o r  have been p r e s e n t e d  a l o n g  w i t h  a q u a l i t a t i v e  and  s i m p l i -  
f i e d  p i c t u r e  o f  combustion and flame p r o p a g a t i o n .  F u t u r e  p a p e r s  
w i l l  e x t e n d  t h e  t h e o r e t i c a l  development and  a t t e m p t  t o  c o r r e l a t e  
and e x p l a i n  t h e  data.  It i s  hoped t h a t  such  a n  appraisal  of  t h e  
data may y i e l d  i d e a s  f o r  f u r t h e r  wor thwhi le  e x p e r i m e n t a l  work. 
The i n f o r m a t i o n  p r e s e n t e d  here i s  expec ted  t o  be  of  h e l p  i n  t h i s  
endeavor .  

10 3 2 -i/IVD-sam PI. V.  Drickman 
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